Abstract---
INTRODUCTION
HE fundamental concept of rectenna is a "rectifying antenna" in which an antenna will be used for receiving RF signal and a rectifying circuit is used to provide DC power [9] - [11] . Technically, it can be treated as a wireless battery, which is a device in need. As the technology is improving, wireless power plays a vital role in today's life. Now a day's every one prefers the wireless devices such as wireless mouse, wireless battery wireless headphones etc. But we use these types of devices with the help of batteries that would be charged with wired devices. It is obvious that many batteries are being used and a way to charge these batteries wirelessly is desirable. This can be made possible as per the discussions given below.
In earlier system, the rectenna design focuses on four subsystems as shown in fig1: (1) the receiving antenna, (2) the matching sections, (3) the rectification, and (4) the postrectification filter [3]- [16] . The big challenge is how to maximize the power-conversion efficiency of rectenna for input-power levels of, for example, 0 dBm or less. The present need is to produce more dc power than the previous half-wave rectenna and design a weight less rectenna circuit [8] . 
Pre-Rectification
From fig 1, which shows the earlier system, it is seen the output of the antenna is directly fed into pre-rectification filter. It allows the operating frequency to flow and prevents interference signals and re-radiation of higher order harmonics which is generated by the diode [11] . It also helps to provide constant load impedance for the antenna.
Rectification
Rectification plays an important role in the rectenna and so it is called as key function of rectenna (converting microwave rf energy into dc power). The Schottky diode was used as the rectifying device, due to its high switching capability that enables it to follow a high-frequency input signal [11]- [8] . A commercial Avago HSMS8101 was used in the NPS rectenna system. 
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Post-Rectification
A post-rectification filter is used to extract the dc component and produce a smooth transient for output dc power.
With the above introduction on operation of rectenna, the remaining topics of this research are organized as follows. Section II deals with the rectenna implementation, antenna and usage of schottky diode where as section III says about transmission lines in designing the rectenna. Section IV and V deals about applications of rectenna and simulation results and discussion respectively where as section VI deals about conclusion.
II.
RECTENNA IMPLEMENTATION
In the earlier days, they designed rectenna with transmission lines and low pass filter [2] (to remove unwanted harmonics and re-radiations of signal) due to the presence of re-radiation in diode and interference in signal. This leads to production of high interference, complexity in design and high cost. The above poor design can be modified by using different transmission lines such as MLIN and CPW which provides high power efficiency. Along with the above modifications, a Schottky diode capable of having high switching frequency removes the re-radiation of signal. So, in this new system, low pass filter is not necessary [7] - [8] . Thus, this system is easier to design, less expensive and has less weight .
Figure 2: Our Modified Rectenna Implementation
Rectifier is a nonlinear circuit, which converts RF power into DC power [11] . The mathematical relation that describes the conversion efficiency is given by Equation (1) where V DC is dc output voltage, P RF is input power of rectenna and R L is load resistance [16] .
(1) Antenna design is important in the proposed rectenna since it absorbs incident microwave power, and the rectifier converts it into a useful electric power. In order to reduce the size of the rectenna [11], we eliminate the use of low pass filter and consequently a circular antenna with harmonic rejection was proposed. Equation (2) gives the resonant angular frequency response ( ) of a circular microstrip patch antenna (CMPA).
(2) Where J n (x) is the Bessel function of n order, and A e is the effective radius of the patch, and are relative and air permittivity where as be the vacuum permeability.
Antenna
Antennas are transducers which are used in wireless communication systems. It consists of many types based on their characteristics such as half-wave dipole antenna, horn antenna, parabolic antenna, and micro strip antenna to name a few. Some of these antennas may not be suitable for the research undertaken due to their physical characteristics such as weight, size, cost etc.
It is found that circular patch antenna [6] , due to its capability of reducing the re-radiation of harmonics, is found to be suitable. The response of a circular-patch antenna along with the, the return loss of a circular-patch antenna about 50 dB where as in practice, the return loss is likely to be 15 dB to 20 dB is also given in the literature [9] .
Schottky Diode
The choice of power semiconductor device is very much useful in the power conversion circuit [13] . Since the rectifier of the rectenna system has to operate at microwave frequency, the power conversion device must have low reverse recovery time and the conversion efficiency must also be high. Schottky diode is chosen as a conversion device for the analysis of rectenna system in this paper.
Schottky diode named after the Genram scientist Walter G Schottky has low forward voltage drop and fast switching action. The cat's-whisker detectors used in the early days of wireless can be considered primitive Schottky diodes The barrier at the junction for a schottky diode is less when compared to that of p-n junction device in both forward and reverse region [2] . This construction leads in high current at the same applied bias in the forward and reverse regions. Minority carriers are absent in Schottky diode and this leads to fast recovery and forms the basis for applications at high frequencies [1] . The above property of schottky diode leads to various applications for rectification purpose in rectenna system, for example in satellite solar power station.
The voltage drop across the diode terminals in case of Schottky is very less (0.6 to 1.7 volts) whereas the p-n junction diode has more. This lower voltage drop can provide higher switching speed and better system efficiency. Schottky diodes constructed from silicon carbide have a much lower reverse leakage current as compared to silicon Schottky diodes [4] .
III. TRANSMISSION LINES
A transmission line is pair of conductors used in communication systems to carry high frequency signals and primarily used in communication systems to connect the system to the antenna.
Generally, its construction depends upon the parameters such as conductor dimensions, spacing and impedance matching to carry electromagnetic signals with minimal reflections and power losses [1] - [5] . Types of transmission line are parallel wire, coaxial cable, dielectric slabs, strip line, optical fiber, and waveguides. The frequency of operation determines which transmission line to be used. For millimeter waves, the transmission line used is optical cable. In this Rectenna research the transmission line used is micro strip and co planar waveguides.
Micro Strip Transmission Line (MLIN)
Micro strip transmission lines are made up of conductors of thin strips on a sheet if dielectric substrate on the ground plate [1] . The open nature of the transmission line leads to radiation loss along with the dielectric loss in the substrate and the Ohmic loss in the strip conductor and the ground plane due to finite conductivity [12] . In this paper a micro strip transmission system has relative dielectric constant ( ) equal to 4.5 is on one side while a of 1(for air) is on the other side. In a micro strip circuit the conductor is parallel to the ground plane.
It can be made by having a strip of copper on one side of a printed circuit board (PCB) or ceramic substrate while the other side is a continuous ground plane. The characteristic impedance depends in the physical and electrical characteristics of the micro strip line. The physical characteristics include the thickness of the insulating layer (PCB or ceramic) and the electrical characteristics include dielectric constant. The micro strip transmission line is open whereas the coaxial cable is closed structure.
Co-Planar Waveguide (CPW)
In a coplanar waveguide, center strip can be formed by conductors which get separated by the two ground planes. The characteristic impedance, attenuation of the line and the dielectric constant can be determined from the dimensions of center strip, gap, thickness and permittivity of the substrate. The dielectric substrate thickness is optimized for low radiation. The CPW has good properties like zero cutoff, Quasi TEM lower order propagation mode along with operations at 50GHz, 100GHz range which makes it suitable for many applications including MMIC [6] . Other applications using CPW structures are micro-electromechanical systems (MEMS) based switches, phase shifters, filters, printed circuit antenna sensor and characterization jigs for material measurements [11] .
CPW Advantages
The advantages can be numbered as given below [15] 1. Low power inductance 
IV. APPLICATIONS
The applications of rectenna are many in number. The inventor of the rectenna used it to power a small helicopter and various energy organizations are using it harvest the solar energy indirectly. Other applications include Radio Frequency Identification (RFID) contact less smart cards, etc.
V. SIMULATION RESULTS AND DISCUSSION
The full-wave rectenna without low pass filter meets the man aired vehicles requirement because of its higher conversion efficiency and constant output power [9] . 
VI. CONCLUSION
In this research a rectenna is designed and simulated with micro strip transmission line and coplanar waveguide as feeders. The simulated system shows improvement in the conversion efficiency and also our system provides less interference, low complexity and low cost. We also did the comparison of rectifying antenna using different transmission lines such as MLIN and CPW which produce good result compared with the existing rectenna system. Thus, we conclude that rectifying antenna with CPW has high conversion efficiency of about 78.5% when compared with rectenna using MLIN which has conversion efficiency of 65.5%. Thus the improved efficiency is of about 13% which leads to application in wireless power transmission. The rectenna simulation results are done in Advanced Design System software 2009 from Agilent Technologies. In future, the efficiency can be improved when matching circuits and array of antennas can be implemented in the rectenna circuit design. 
